The open innovation model often neglects the frictions that external knowledge flows could encounter when crossing organisational boundaries. This study recognises such barriers and investigates the impact of these barriers on knowledge transfer effectiveness by using data on small new technologybased firms (NTBFs) located in the emerging South African economy. The empirical results show that the characteristics of inter-organisational knowledge exchange relationships (organisational and technological similarity and contact frequency) do have an impact on the effectiveness of knowledge transfer. The findings stress the relevance of a relational approach, as factors derived from it act as barriers to effective knowledge transfer for small firms.
INTRODUCTION
Proponents of the so-called open innovation model argue that, for most of the 20th century, firms used an 'old' model of 'closed innovation' where an innovating firm 'generates, develops and commercialises its own ideas' (Chesbrough, 2006) . Due to globalisation and the increasing complexity of technological innovation, competition has increased, and in order to remain competitive, firms have shifted to an 'open innovation' model (also called a 'networked' or 'distributed' innovation model) where they also draw on external sources of knowledge (Teirlinck and Spithoven, 2008; Scarbrough and Amaeshi, 2009 ) to complement their in-house innovative activities (Teirlinck and Spithoven, 2008) . These interactions with external partners in an open collaborative innovation *Corresponding author. E-mail: alice.chan@up.ac.za.
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Transferring knowledge between partners implies that knowledge has to cross organisational boundaries. This boundary crossing of knowledge might be less unproblematic as proponents of the open innovation model often believe, as firms could encounter frictions such as differences in organisational cultures, structures and knowledge bases inhibiting inter-organisational flows of knowledge. A recent special issue of the Journal of management studies on inter-organisational knowledge transfer (Easterby-Smith et al., 2008) proposes that future research on inter-organisational knowledge transfer should focus on the role of organisational boundaries. It is stated that the arduous relationship between the source and recipient of knowledge is one of the most important barriers to knowledge transfer and that this arduous relationship is more likely to be present between two organisations than between two organisational units. Consequently, conducting a study on the issue of crossing boundaries is relevant and timely.
The study of inter-organisational knowledge flows asks for a relational perspective, because the characteristics of the sender and receiver and their dyadic relationship affect the outcomes of knowledge transfer (Cumming and Teng, 2003) . In such a perspective, organisations are viewed as embedded in and consisting of internal and external networks of relations. Moreover, in this relational perspective it is believed that relationships and their characteristics (for example, the quality of exchanges, trust or knowledge transfer) are important for understanding organisational behaviour and outcomes. This perspective represents a move 'away from individualist, essentialist and atomistic explanations towards more relational, contextual and systematic understanding' (Borgatti and Foster, 2003) and was applied in this study, which was conducted in South Africa.
Most empirical studies on inter-organisational knowledge transfer are conducted in developed economies. There is a lack of such studies on small firms in emerging economies in general and in South Africa in particular. In a literature search 1 very few studies were found on knowledge transfer in this emerging economy. The study by Van Zyl et al. (2007) identified 9 factors that drive knowledge transfer for research and development (R and D) collaboration between university departments and industry, namely (a) the need to extract appropriate knowledge at the right time to make critical decisions; (b) the perception that knowledge is a valuable resource; (c) the emphasis on getting a return on investment in research; (d) the need to protect knowledge for competitive advantage; (e) the need to close the knowledge gap; (f) international trade; (g) the need to protect intellectual property such as patents and trademarks; (h) geographic proximity between the knowledge source and recipient and (i) war, terrorism and natural disasters. These drivers were identified from the literature and 74 respondents ranked the level of significance based on their own experience. One of the future research directions proposed in this paper concerns the need for increasing the understanding of the effects of barriers on knowledge exchange. Three other papers that were consulted do not directly relate to knowledge transfer per se (because they are focused on technology transfer, South African multinational enterprises (MNEs) and learning networks), but do, however, indicate that firms in South Africa seek and acquire knowledge across organisational boundaries (Marcell, 2003; Morris et al., 2006; Klein and Wöcke, 2009) . In Marcell's (2003) study of technological capability accumulation in South Africa, it was found that firms use different mechanisms to acquire codified and tacit knowledge during technology acquisition. Klein and 1 Databases used were Google Scholar, SA ePublications, ScienceDirect, Swetswise, Proquest and Sabinet, using the following keywords: South Africa, knowledge transfer, knowledge flows, inter-firm learning, interorganizational learning. Chan et al. 3931 Wöcke (2009) demonstrated how 4 companies from South Africa progressed from their domestic base to become successful MNEs. They found that MNEs from less competitive economies, like South Africa, are driven by the transfer of intangible knowledge across national boundaries from foreign companies in order to expand their firms internationally. Morris et al. (2006) reported on the ways in which learning networks were set up. They concluded that the interactive nature of joint cluster activities enables firms to lock into a network of learning. These studies show that knowledge flows are important to South African firms, but due to their specific foci they give only a partial picture of knowledge exchange practices. Moreover, from a methodological point of view, it was observed that most of these studies used small N case study methodologies and that only the study by Van Zyl used descriptive statistical analyses. Consequently, it is hard to draw generalisable conclusions concerning the knowledge exchange behaviour of firms in South Africa because there are no large N studies on interorganisational knowledge transfer applying more advanced statistical methods.
Research question and objectives
Based on the arguments above, the research question addressed in this study reads: To what extent do the characteristics of inter-organisational relationships between the sender and receiver of knowledge influence the effectiveness of knowledge transfer for new technology-based firms (NTBFs) in South Africa? NTBFs were chosen as unit of analysis because they are often regarded as knowledge-intensive organisations for promoting developing countries' knowledge-based economies. This study defines NTBFs as 'young small companies founded by an entrepreneur or a team of entrepreneurs with a strong educational or professional background who are involved in the development, application and commercial exploitation of an innovative idea based on technological know-how' (Livieratos, 2009) . By answering the above research question, this paper contributes to the field in five ways. Firstly, it adds value to the studies on inter-organisational knowledge transfer. In Becker and Knudsen's (2003) review on knowledge transfer literature in high-impact and key journals, it is stated that the majority of papers (60%) focus on intrafirm knowledge transfer. This is clearly a sign of a lack of studies on knowledge transfer in an inter-organisational context. Moreover, regarding the level of the dyad, it was suggested that a more fine-grained description of the characteristics of the relationships be developed. This was done in this study. Secondly, this empirical study used a relational approach to understand the effectiveness of knowledge transfer. Many studies on interorganisational knowledge transfer have focused on characteristics of knowledge that hinder or ease the transfer of knowledge (Mclnerney, 2002; Argote et al., 2003; Simonin, 2004) , structural characteristics of knowledge networks (for example, sizes of networks, node members in the network structure, linkage patterns; see: Fukugawa, 2005; Tang et al., 2008) and mechanisms that facilitate transfer of knowledge, for example, communication media types and team structures (Persson, 2006; Schwartz, 2007) . Focusing on the characteristics of knowledge exchange relationships extends the knowledge of this field. Thirdly, previous studies focused primarily on knowledge transfers of firms in developed countries such as the USA and the UK. This study will contribute to the studies of knowledge transfer in emerging economies. Fourthly, this study focuses on the knowledge effectiveness in small NTBFs. Effective knowledge inflows are of crucial importance to such firms, these firms often lack valuable (knowledge) resources and the resources to manage a large external network (Baum et al., 2000) due to a liability of smallness in firm sizes. Fifthly, compared to previous studies done in South Africa, which mostly used case studies as research methodologies, this study applies more advanced statistical tools (multivariate regression analyses) to explore the relational aspects of inter-organisational knowledge transfer between firms in South Africa. The last two contributions add to the further generalisability of findings on inter-organisational knowledge transfer.
THEORETICAL FRAMEWORK
Knowledge is often regarded as a type of resource that differs from physical resources (Zander and Kogut, 1995) . It does not depreciate quickly and is accumulated over time. It is intangible and dynamic because it is embedded in people and processes. This resource can be acquired and developed within an organisation (for example, between units) or through knowledge transfer between and learning from other organisations (for example, interfirm knowledge transfer via joint research). In the past, many researchers recognised knowledge as a valuable resource for firms (Argote and Ingram, 2000; Ichijo and Nonaka, 2007) because knowledge development and application enhance firms' performance and innovativeness (van Wijk, 2008) . Compared to intra-firm knowledge transfer, inter-firm knowledge transfer is difficult and complex, mainly because of the arduous relationship between two firms (Easterby-Smith et al., 2008) . Interorganisational knowledge exchange takes place between legally independent organisations and can therefore be viewed as a hybrid arrangement in which the goals, identities and cultures of the exchanging organisations are combined and where traditional hierarchy governance is absent. The hybrid nature of these transfer relationships has a number of implications for the effectiveness of knowledge transfer. On the positive side, complementtarities between exchanging actors could promote learning and synergy as a result of the coming together of experts from different backgrounds. On the negative side, a number of barriers could inhibit effective transfer. For example, too many competitive elements could be present in the exchange relationship, reconciling different organisational identities may turn out to be too complex, levels of receptivity may be too low, or there could be a lack of experience or capacity to acquire and absorb externally acquired knowledge (Child, 2001) . These factors impede the harvesting of the benefits of knowledge transfer. In this paper, we focus on a number of these barriers, as they are impediments to effective knowledge transfer (Child, 2001) .
We start our theoretical discussion with a description of the dependent variable in our model: the effectiveness of knowledge transfer.
Effectiveness of knowledge transfer
When knowledge is transferred from the sender to the recipient, the quality of such transfer can be based on the level of the knowledge utilisation by the recipients (Minbaeva et al., 2003) , where 'utilisation' refers to how a firm uses the received knowledge for its innovative activities. When one evaluates the benefits of the knowledge received by the recipient, one should not only take into account the quantity of knowledge flow, but also the value of using such knowledge (Soo and Devinney, 2003; Ambos and Ambos, 2009 ). In the past, researchers used the usefulness of transferred knowledge as assessed by the recipients as a key element in determining the effectiveness of knowledge transfer. For example, Brachos et al. (2007) proposed the concept of 'perceived usefulness of knowledge' to indicate knowledge transfer effectiveness. Pérez-Nordtvedt et al. (2008) construed 'comprehension' and 'usefulness' as reflecting knowledge transfer effectiveness. Ambos and Ambos (2009) quoted Minbaeva et al. (2003) , who stated that "the key element in knowledge transfer is not the underlying knowledge, but rather the extent to which the receiver acquires potentially useful knowledge and uses this knowledge in own operations". Drawing on the above, in this study the usefulness of knowledge received was used as an indicator to represent the level of effectiveness of knowledge transfer. After discussing the dependent variable of our model, the next sections focus on the independent variables.
Key elements of dyadic relationships and the effectiveness of knowledge transfer
In a relational approach to the transfer of knowledge one can focus on 3 dimensions: (i) properties of units, (ii) the relationships between units and (iii) the knowledge exchanged between units (Argote et al., 2003) . To explain these dimensions and their relationship with the effectiveness of knowledge transfer in more detail, we first have to focus on the distinction between so-called attribute and relational variables. Attribute variables are variables that can take certain values in the absence of inter-organisational relationships. Examples are the size and age of an organisation or the economic activities a firm conducts. Relational variables are variables that only exist if an inter-organisational relationship exists. Examples of the latter are trust, partner confidence, partner similarities, dependencies and knowledge transfer. Once the relationship ceases to exist, the same happens to a relational variable. In the following subsections, a number of relational and attribute dimensions, namely partner (dis)similarities, frequency of knowledge transfer and learning culture, are discussed and related to our dependent variable.
Partner (dis)similarities as barriers to effective interorganisational knowledge transfer
In a literature study on partner (dis)similarities by Knoben and Oerlemans (2006) , three types are distinguished: geographical, technological and organisational (dis)similarities. If one looks at the (dis)similarity between two parties, one assesses the impacts of the distance between certain characteristics of the two exchanging parties. In this study, two relational (dis)similarities are explored: technological and organisational (dis)similarities.
Relationships between organisational phenomena are fuelled by the effects of aggregated micro-level processes. Therefore, before specific hypotheses are presented, a general micro-level theoretical mechanism explaining the negative impact of partner dissimilarity on knowledge exchange effectiveness will be presented. In other words, partner dissimilarity is regarded as a barrier to knowledge exchange. Basically, the concept of partner (dis)similarity is a specification of the more general concept of differentiation. According to Child (2001) , many barriers to knowledge exchange emerge from the external differentiation between organisations. Differentiation forms the basis of distinct social identities and perceptions of competing interests. When two or more independent organisations form a knowledge exchange relationship, such barriers are strengthened by, for example, different organisational or national cultures and knowledge bases. Hamel (1991) argues that these barriers reduce transparency, that is, the openness of one actor to the other, and his or her willingness to transfer knowledge. In turn, this is caused by the "divergent ways of sense-making associated with the social identities of the different parties" (Child 2001 ) that are involved in a knowledge exchange relationship. When members of different organisations meet to exchange knowledge, they carry their own social identities and backgrounds with them. These identities are sets of meanings that are shaped by an individual's interaction with different reference groups (work group, organisation, community, nationality). When these identities are very Chan et al. 3933 dissimilar, the knowledge sent by one party will clash with the mental constructs and norms of conduct of the other (receiving) party. Therefore, the larger the dissimilarity between these identities, the larger the distance between the parties involved, the lower the transparency, and the more likely it is that the quality of the transfer will be impeded. Organisational (dis)similarity is defined as the distance between "the sets of routines -explicit or implicit -which allow coordination without having to define beforehand how to do so. The set of routines incorporates organizational structure, organizational culture, performance measurements systems, language and so on" (Knoben and Oerlemans, 2006,) . Lane and Lubatkin (1998) state that similarities between firms' organisational structures and policies contribute to their ability to learn interactively from each other. Firms who are similar organisationally share common language or communication processes and are able to reduce the cost associated with transferring the knowledge (Cohen and Levinthal, 1990) . Therefore, such firms possess more resources for trying to understand and use the knowledge received. If organisational dissimilarity acts as a barrier to effective knowledge transfer, the following hypothesis can be formulated:
Organisational similarity is positively related to the usefulness of knowledge received.
Technological (dis)similarity refers to the differences between exchanging actors' technological knowledge; in other words, the level of relatedness of knowledge transferred between them. Transferring knowledge that differs from their technology domains could make it difficult for the recipient to understand and use the knowledge received because it has no relative absorptive capacity. In other words, the recipient's prior knowledge base does not lend itself to further exploration of the knowledge received for its innovative use. Technological similarity enhances the likelihood of knowledge transfer between collaborating firms (Rosenkopf and Almeida, 2003) because they are more able to understand the common problems and to use the complementary knowledge to solve those innovative challenges. Moreover, engineers may be risk-averse during product developments due to the higher cost associated with risks such as using dissimilar technologies which they are not familiar. Thus, if technological dissimilarity acts as a barrier to effective knowledge transfer, the following hypothesis can be formulated: H 2 : Technological similarity is positively related to usefulness of knowledge received.
Frequency of knowledge transferred as a barrier
The third relational dimension of knowledge transfer is the frequency with which transfer occurs. Tacit knowledge is more difficult to articulate than explicit knowledge (Polanyi, 1966) , because it is difficult to encode in writing and resides in the firm's system (people and processes). Therefore it is not easy to interpret and transfer from one to another. Yet, tacit knowledge plays an important role in innovation processes (Koskinen and Vanharanta, 2002; Cavusgil et al., 2003; Rebernik and Širec, 2007) . Tacit knowledge is viewed as best delivered through individual, face-to-face contact (Ganesan et al., 2005) . Frequent communication allows the receiving firm to better understand the knowledge that it receives (Szulanski, 1996) and increase the chances of the knowledge being useful for the firm's innovation. Moreover, frequent interaction improves mutual trust between exchanging parties (Atuahene-Gima and Li, 2002; Adobor, 2006) , and, as a result, the level of tacit knowledge utilisation is enhanced (Koskinen et al., 2003) . Conversely, infrequent transfers of knowledge inhibit the understanding of tacit knowledge and the development of trust. Thus: H 3 : Frequent knowledge transfer is positively related to usefulness of knowledge received.
Attribute variable as a barrier: the knowledge receiver's learning culture Becker and Knudsen (2003) point out that absorptive capacity is an important property of the recipient. This concept was first introduced by Cohen and Levinthal in 1990, when they recognised it as firms' fundamental learning processes, that is, their ability to identify, assimilate and exploit knowledge from the environment. In 2002, Zahra and George proposed additional definitions that divided Cohen and Levinthal's definition of absorptive capacity into (1) a broad set of skills needed to deal with the tacit component of transferred knowledge and the need to modify this transferred knowledge and (2) the capacity to learn and solve problems. Cummings and Teng (2003) point out that those firms with a supportive learning culture (which corresponds to Zahra and George's second definition: the capacity to learn and solve problems), have more slack to increase the richness of knowledge transferred; do not suffer from the 'not-invented-here syndrome' that prevents recipients from accepting outside knowledge; and have the people to retain, nurture and develop the knowledge received. Recipient firms who have a learning culture are therefore more able to explore the received knowledge further and use it for better innovative outcomes, whereas the opposite is proposed for recipient firms lacking such a culture. Thus:
The learning culture of the recipient is positively related to usefulness of knowledge received.
As depicted in our research framework in Figure 1 , the three relational features (frequency of knowledge trans-ferred, organisational proximity and technological proxi-mity) influence the usefulness of knowledge received by the recipient firm. The learning culture of the recipient firm, as an attribute variable, also impacts on the usefulness of knowledge received. Some other attribute variables are included as control variables and described in the methodological section of this paper.
RESEARCH METHODOLOGY Sample and data collection
This study empirically explores a relational knowledge transfer model in an emerging economy. The unit of analysis is NTBFs located in the Gauteng region of South Africa. This region was chosen because it is one of the few regional systems of innovation that are well developed in the South African context (Lorentzen, 2009 ). This implies that one can expect fairly strong links between subsystems in this region, which is a necessity for studying knowledge transfer.
This research applies a quantitative research methodology. Questionnaires were used during face-to-face interviews (to assist with the completion of the questionnaires) with 52 NTBFs located in Gauteng. The chief executive officers (CEOs) or directors (units of observation) of these firms were asked to answer questions based on the relational characteristics of their knowledge transfer links with their external sources (suppliers, buyers, consultants, competitors, universities, public labs, innovation centres and sector institutes). The collected data was statistically analysed by applying multivariate regression analyses in statistical package for the social sciences (SPSS), which fits our additive research model. Table 1 illustrates the items that were used in the questionnaire to measure the variables proposed in the conceptual model. All of the items were based on previous measures proposed in the literature, using a 5-point or 7-point Likert scale. Table 2 shows the literature that was sourced to construct our measurements, as well as the reliability statistics (Cronbach's alpha) of the scales used 2 . Most variables have Cronbach's α's ≥ 0.6, which suggests a high level of internal consistency.
Measurements
The recipient's firm size, age, firm type and (science park) location were included as control variables. We controlled for 'firm's size' and 'firm's age', given that these two attributes of firms have been recognised as important factors in the knowledge transfer literature (for example, Bresman et al., 1999; Agarwal and Gort, 2002; Cavusgil et al., 2003) . A firm needs time and people to acquire knowledge, therefore these two variables affect the accumulation of a firm's knowledge base, which determines its absorptive capacity to understand and use the knowledge received. Moreover, we include 'firm type' (either a service provider or not) because in certain industries, firms develop specific knowledge strategies and human resource practices (Laursen and Mahnke, 2004 ) that influence the process of transferr ing knowledge.
Finally, we controlled for 'science park location: yes/no' 
Independent variable Item

Frequency of knowledge transferred
How often does your firm access knowledge from its most important partners (suppliers, buyers, consultants, competitors, universities, public labs and sector institutes)? (five-point Likert scale: never, rarely, sometimes, regularly or always)
Organisational similarity
Our firm has contacts with the same third parties as our partners have. Our partners have the same organisational routines and values as our firm. Our partners have the same organisational structure as our firm.
(five-point Likert scale: 1 = completely disagree, 3 = neither agree nor disagree, 5 = completely agree)
Technological similariy
To what extent is the knowledge your firm receives from the most partners/actors related to your firm's own knowledge? (seven-point Likert scale: 1 = not related to 7 = completely related)
Learning culture
Indicate level of agreement with the following statements: (1) most of our staff is highly skilled and qualified; (2) we invest a great deal in training; (3) we have the capacity to adapt others' technologies; (4) we have considerable resources and own knowledge resources for technological development.
(five-point Likert scale: 1 = strongly disagree, 3 = neither agree nor disagree, 5 = strongly agree)
Dependent variable Item
Usefulness of knowledge received
How useful is the knowledge your firm receives from the most important partners with regard to your firm's innovations? (five-point Likert scale: 1 = not useful to 5= completely useful) (Chan et al., 2010) show, however, that this is not necessarily the case in the South African context. Of 52 NTBFs (our total sample) that we surveyed, 24 firms were situated in the Innovation Hub, which is the first South African science park accredited by the International Association of Science Parks (IASP) in South Africa. In the literature, it is maintained that science parks have many benefits for firms (Fukugawa, 2005) . In particular, the knowledge exchange opportunities on science parks due to co-location are mentioned in the literature. Besides close geographical proximity, these science park firms could also benefit from the support of the science park management when establishing a knowledge link. Thus, a science park plays a role in knowledge transfer between the firms located on the science park premises.
Control variable Item
DATA ANALYSIS AND FINDINGS
The means and standard deviations associated with the variables are provided in Table 3 . On average, the firms in the sample have received useful knowledge, especially from buyers and suppliers (mean 1.82). The usefulness of knowledge received from public research labs and sector institutes is regarded as being relatively low (mean values of 0.26 and 0.39, respectively). If we explore this table further, sample firms interact most frequently with suppliers and buyers (with mean values of 1.3 and 1.35, respectively) and the least with public research labs and sector institutes (with mean values of 0.13 and 0.23, respectively). Similarly, sample firms have higher levels technological similarity with (are technologically closer to) their suppliers and buyers rather than with public research labs and sector institutes. The average score for the three items on organisational similarity ranges from 1.71 to 2.21 which shows that the sample firms are close to halfway (on a scale of 1 to 5) similar to their partners organisationally. The averages of firm age and size are 5.13 years and 9.25 employees, respectively. This shows that the sample firms are young and small. Of the sample firms, 76.9% come from the service provider industry and 46.2% of the firms are situated in the Innovation Hub. combined into a single scale, because this would simplify our analyses. The Cronbach's alpha for these eight items is 0.729 and deletion of one of the items does not increase the alpha. This is, therefore, a highly reliable scale and we decided to take the average sum scores of all 8 items to measure 'usefulness of knowledge received'. Similarly, a reliability test was conducted on the independent variable 'technological proximity' and the alpha of 0.573 suggests that the average sum scores of all 8 items results in a reliable scale. We entered the items in 'frequency of knowledge transfer' in a principal component factor analysis that produced a three-factor solution (KMO = 0.621; Bartlett = 44.291; p = 0.026), within which the third factor only contained one high-loading item. Table 4 shows the results where a new factor analysis was conducted by excluding this item ('frequency of transfer with innovation centres'), as it had a very low communality. This new factor analysis produced two factors which we further interpreted as 'frequency of knowledge transfer with business partners' and 'frequency of knowledge transfer with research institutes'. The corresponding KMO is 0.605 with p equalling 0.016, indicating that this solution fits the data well. Factor analysis was also done on the independent variables 'organisational proximity' and 'learning culture' and both yielded single-factor solutions (KMO = 0.573 with p= 0.002; KMO = 0.656 with p=0.000), respectively.
Ordinary multivariate least squares regression was used to test hypotheses 1 to 4. Variables were entered in the models in three steps:
Model 1: Model with only the control variables Model 2: Model 1 + the two frequency of knowledge transfer variables Model 3: Model 2 + organizational similarity + technological similarity + learning culture
In Table 5 , the variable inflation factor (VIF) values associated with variables in the regression models were less than 10, indicating that serious multicollinearity problems do not exist in these models. In the first model, the main effects of the control variables are shown Firm size, firm age and firm type do not impact significantly on the usefulness of knowledge received by the recipient firm. Interestingly, the variable science parks (SP) location was significant at p < 0.1, indicating that this version of the model shows that firms located on a science park found the knowledge they received from their partners to be more useful for their innovative activities than knowledge received from firms not located there.
In the analysis, we want to find out if the 8 items in the dependent variables 'usefulness of knowledge received' can be control variables resulted in an R 2 of 0.062 and an insignificant model (F-value change=0.775, not significant).
Frequency of knowledge transfer with business partners and with research institutes were added in the second step (Model 2) and these two variables were statistically significant at the p < 0.01 level. In this model, the control variable of 'firm size' has a negative and significant impact on the usefulness of knowledge received (p < 0.05). Model 2 has a better fit than model 1 because the significance of the regression model as a whole improved to R 2 of 0.714 (F-value change = 71.629, p < 0.01). The effects of the independent variables in Model 2 accounted for approximately 71.4% of the variance in usefulness of knowledge received.
In the third step (Model 3), adding the other three independent variables (organisational similarity, technological similarity and learning culture) resulted in an R 2 of 0.839 (F-value change = 5.506, p < 0.01). In Model 3, all control variables are not statistically significant. The two variables for frequency of knowledge transfer still have positive and significant (p < 0.01) impacts on usefulness of knowledge received, which supports our third hypothesis: frequency of knowledge transfer is positively related to usefulness of knowledge received. However, organisational similarity has a negative value with a significant level of p < 0.10, which implies a rejection of the first hypothesis. Apparently, responding firms find knowledge received from actors who are organisationally quite dissimilar from them, more useful than knowledge received from similar firms. Technological similarity positively influences the usefulness of knowledge received at a significant level of p < 0.01 and thus the second hypothesis is supported. Learning culture is not statistically significant and therefore the last hypothesis is rejected.
CONCLUSIONS AND RECOMMENDATIONS
The open innovation literature embraces the benefits of external knowledge transfer to the generation of innovations but often neglects the fact that inter-organisational knowledge transfer faces frictions and barriers due to the fact that knowledge has to cross organisational boundaries. This study acknowledges the possibility of the transfer of knowledge being less effective when it crosses organisational boundaries. It follows a relational approach to exploring knowledge transfer between firms and to building and testing a theoretical model in which relational characteristics are connected to the effectiveness of knowledge transfer. The study was guided by the following research question: To what extent do the characteristics of the relationships between the sender and receiver of knowledge influence the effectiveness of knowledge transfer for firms in South Africa? In this section, a summary of the most important findings of this study is provided and some recommendations are made for future research and to policy makers.
To test our hypotheses, multivariate regression model analyses were performed using data collected in South Africa.
Firstly, our findings indicate that the characteristics of the inter-organisational relationships between the sender and receiver of knowledge have an influence on the usefulness of knowledge received. The fact that all three relational variables have a statistically significant impact, although not always as expected, emphasises our point that a relational view contributes to the understanding of knowledge transfer processes and that relational features do act as barriers to knowledge transfer.
Secondly, it turned out that the majority of our hypotheses were empirically confirmed. The negative and significant impact of organisational proximity indicates that firms interacting with organisationally more dissimilar partners find the knowledge received more useful.
Consequently, hypothesis one is rejected. This finding asks for an interpretation. Perhaps our finding has to do with the fact that the sample firms are NTBFs that are young and small. Firms of this kind are often confronted by the liability of newness and thus encounter two problems: a lack of a large variety of different resources and a lack of external legitimacy (Singh et al., 1986) . Interaction with more dissimilar, also probably larger, firms would solve both problems for young and small technological firms because these firms will bring them status in the market and are able to provide a variety of useful knowledge. During additional interviews carried out by the authors with sample firms, some expressed their need to interact with larger, dissimilar players in their field. This negative impact of organisational similarity found in this study is actually different from what was found in previous studies for example, (Cummings and Tseng, 2003) where organisational similarity played a positive role. In other words, the South African context seems to bring specific demands in terms of organisational dissimilarity to young technology-based firms.
Technological similarity, the second relational characteristic in our model, turned out to have a positive impact on the usefulness of knowledge received. Hence, the second hypothesis is supported. Interacting with partners who share similar knowledge bases allows recipient firms to understand and use knowledge received for incremental innovations. This finding is in line with results reported in other studies. Hussinger (2010) reported that technological similarity was conducive to acquiring a specific firm because it creates an information advantage. Canter and Meder (2007) also confirm the positive influence of technological similarity; in their case, on a firm's choice of collaboration partner.
In conclusion, it can be stated that our South African findings on the positive influence of technological similarity between partners confirm results found in different national economic contexts. The third relational feature in our model, frequency of knowledge transfer, impacts positively on the effectiveness of knowledge transfer, which confirms hypothesis three. This applies in particular to the frequency of interaction with buyers and suppliers. When two partners exchange knowledge more often, they are able to gain more information from their partner, which reduces uncertainty about future behaviour, increases trust, and brings about clarity on how partners will deal with each other. As a result, partners can exchange knowledge more easily and effectively. Similar results were reported in a meta-study by Palmatier et al. (2006) .Learning culture had no significant impact on the usefulness of knowledge received and thus hypothesis four was not supported. South African firms often innovate by imitating other firms (Oerlemans et al., 2004) . Even though the firms may have, on average, a satisfactory learning culture (in other words, they do invest in training, have highly qualified staff, and have a context in which sharing knowledge is valued), the use of these capabilities is often not directed at developing organisational learning, but rather directed at applying the knowledge developed by others.
Recommendations to policy makers in emerging economies, including South Africa, are threefold. Firstly, we advise the governments to put more efforts into attracting more (key) players from other economies to their targeted regions of technology and science development in order to increase the number of possible partners and thus provide more opportunities to the NTBFs in regions to network. Secondly, it can be concluded from this study that there is a lack of interactions between NTBFs and research institutions such as public research labs or universities where fundamental scientific knowledge lies for radical innovations. Therefore, countries with emerging economies should take more initiatives in linking the industry and the research institutions, not only limited to the context of science parks, but also for the entire region to enhance regional innovations. Thirdly, the results of our study show that collaborating with technologically similar and organisationally dissimilar partners increases the effectiveness of knowledge transfer. From a managerial perspective, this means that relationship management is important because selecting and maintaining effective relationships with partners is crucial (Rothaermel and Deeds, 2006) . Training programmes to develop capabilities for relationship management or appointing network brokers could be beneficial to young, technology-based firms.
This research model focuses on intentional knowledge transfer, in other words, both parties are aware that knowledge is been transferred during their interactive activities (for example, during formal or social interactions). However, due to the imitative behaviour of most South African firms, unintentional knowledge spill over can be observed. In the past studies, unintentional flow of knowledge also brings innovative benefits to recipient firms (Fallah and Ibrahim, 2004; Oerlemans and Meeus, 2005) . One could apply this model by taking the usefulness of unintentional knowledge received as a dependent variable to explore the knowledge spill over in regions of developing countries.
